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ABSTRACT 
With growing popularity of minimally invasive surgery, the Chevron 
bunionectomy has been investigated for use in moderate to severe hallux valgus. This 
study investigates procedural components of lateral release, fixation, and 2nd digit 
procedures to evaluate effects on outcome. 109 out of 325 patients of a distal Chevron 
osteotomy with a minimum preoperative IMA of 15° completed the phone survey rating 
satisfaction and pain levels. Patients were contacted an average of 5.2 years 
postoperatively. 83% of patients reported being extremely to very satisfied with their 
outcome. Only 9 patients complained of current foot pain greater than or equal to 5 on a 
scale from 0 to 10 (with 0 being no pain). Intermetatarsal angle improved by an average 
of 7.2 degrees from 17.0 degrees preoperatively to 9.2 degrees postoperatively. Hallux 
valgus angle improved on average 20.5 degrees from 33.9 degrees preoperatively to 13.4 
degrees postoperatively. Potential effects of risk factors on patient outcomes were also 
studied.  
No impacts of health history or 2nd digit procedures were found on patient 
satisfaction, pain levels, or radiographical improvement. However, surgeries including a 
lateral release were found to significantly improve IMA correction (p<.01). No 
preference radiographically was discovered between open lateral release (OLR) and 
transarticular release (TAC). A higher rate of patients reported their satisfaction level of 
none to moderate for TAC (33%) than those without a release (17%) or OLR (12%). All 
measures comparing fixation methods proved unremarkable excluding a higher 
occurrence of K wire removal (40%) versus removal for bioabsorbable pins (10%). No 
cases of deep vein thrombosis or avascular necrosis were reported. Further studies 
investigating the differences between release types and frequency of implant removal are 
recommended.  
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CHAPTER I: 
INTRODUCTION 
 
A bunion is a deformity of the foot in which the distal first metatarsal head shifts 
medially and causes an often painful, bony bump on the inside aspect of the foot. It is 
often accompanied by the shift of the big toe into a valgus position, often colliding with 
the second toe (hence hallux valgus). These two phenomena can cause pain in addition to 
cosmetic issues. The deformity is often credited to using restrictive shoe wear, but no 
single cause has been confirmed. While not universally agreed upon, genetics is also 
thought to be a cause. About 30 percent of the adult population will develop the 
deformity in their lifetime (Scharer & DeVries, 2016). Proper metatarsophalangeal 
alignment is of high importance due to the hallux’s role in bearing weight, maintaining 
balance, and propelling the body when walking; therefore, the hallux valgus deformity 
can limit a patient’s ability to perform simple actions such as walking, running, and 
standing. 
 
Figure 1: Bilateral Bunion Deformity (Mayo, 1908) 
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There are both nonsurgical and surgical methods to correct a bunion. The degree 
of the condition and the success of prior treatments usually determine which course of 
action is appropriate, and orthopedic specialists usually treat the bunion on a case-by-case 
basis. The decision draws from the physician’s knowledge of the patient’s activity level, 
age, risk factors, severity, and complexity of the deformity. The most common 
nonsurgical therapies include wearing less-restrictive shoe wear and using toe spacers or 
splints. Whereas, a bunionectomy is typically the procedure of choice for surgical cases.  
Historically there have been over 150 variations of this procedure used to correct the 
deformity and modern medicine still recognizes many of these variations to achieve 
appropriate correction with few problems (Richardson & Murphy, 2017).  Modern 
medicine still recognizes many of these variations to achieve appropriate correction with 
few problems. The Chevron bunionectomy, being one of these variations, is widely 
accepted in the orthopedic sphere as a successful method to correct hallux valgus and 
primus varus for mild and moderate deformity. Yet several studies have shown positive 
outcomes in cases of moderate to severe deformity, although the Chevron bunionectomy 
is not as common in these cases (Sanhudo, 2007). This study was conducted to determine 
the success of this procedure in moderate to severe cases by measure of a patient survey 
and a review of operative procedures. 
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CHAPTER II:  
LITERATURE REVIEW 
 
Etiology of a Bunion: 
Hallux valgus initially forms through the weakening of the medial soft tissue 
structures that support the hallux. How this process begins is not universally agreed upon, 
but one’s wearing narrow shoes that restrict the toes could certainly contribute. With 
most cases occurring in women, many believe this to be true; however, unspecified 
congenital factors are known to exist. Evidence for a hereditary component is supported 
by abundance of pediatric cases as well as the abundance of unilateral cases (Richardson 
& Murphy, 2017). In order to rule out the congenital component, there would need to be 
more bilateral cases than unilateral cases, a condition that is not apparent in modern 
medicine. 
One study suggests that having a great toe measuring one-fourth to one-half of an 
inch longer than the second toe could cause an individual to be more susceptible to 
bunion formation. The study explains that wearing shorter shoes or narrow shoes will 
force the shortening of the first phalanx and cause the MTP joint to form a bow shape, 
providing a base for further deformity (Mayo, 1908). The weakened medial collateral 
ligaments create an imbalance in the opposing tension forces on the proximal phalanx. 
The initial deformity is not noticeable, but further worsening occurs in conjunction with 
the more obvious signs of the deformity (Parera, Mason, & Stephens, 2011). 
There are several bones and soft tissue structures in the foot involved in hallux 
valgus. The bones include the first metatarsal and the proximal phalanx of the hallux. The 
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first metatarsal provides support to the forefoot and meets the hallux at the first MTP 
joint. A normal foot with no deformity will usually have an 1-2 intermetatarsal angle 
(IMA) between 8 and 9 degrees (Richardson & Murphy, 2017). However, the hallux 
valgus deformity is accompanied by an increase in this angle, in which the distal head of 
the first metatarsal and the proximal end of the proximal phalanx become positioned 
medially. The widened foot due to the displacement of the MTP joint causes excess 
rubbing of tissue medial to the distal first metatarsal head against the patient’s shoe. The 
displaced MTP joint creates new joint surfaces other than its natural articular surfaces. 
Over time this phenomenon can contribute to damage to the joints and arthritis. In 
addition, the widened foot rubs against shoes and causes inflammation of the medial 
metatarsal head and surrounding soft tissues (Rush, 1998). The visible bump that forms is 
referred to as the bunion. The hallux valgus is the lateral and valgus deviation of the big 
toe from its anatomically correct position. This phenomenon is referred to as the 
“bowstring effect.” The extensor tendon adds tension to the proximal phalanx of the 
hallux, even during primus varus, causing the hallux to deviate to worsening valgus 
position (Mitchell, 1958). This effect can further complicate correction due to the tension 
in the lateral soft tissues and the “bowstring” effect that can cause recurrence in the 
deformity, if not addressed at the soft tissue level.  
The two sesamoids within this joint often play a role in maintaining the deformity 
prior to surgical correction. These small bony structures are situated in grooves within the 
inferior aspect of the metatarsal and serve to aid in weight distribution in the MTP joint. 
A one study that correlated sesamoid movement with artificial hallux valgus found 
significant sesamoid movement with applied deformity and correction with deformity 
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release (Dayton, et al., 2014). The ridge between the sesamoid grooves can become worn, 
making lateral displacement possible. The medial sesamoid often shifts into the groove of 
the lateral sesamoid, and the lateral sesamoid shifts lateral to the metatarsal head. 
Sesamoids are attached to and protect the tendons, but in the case of hallux valgus, they 
can inhibit proper correction when the foot adjusts to retain their incorrect positions 
(Haines & Glasgow, 1954). 
 
Figure 2: Radiographic hallux valgus deformity with increased IMA and sesamoid subluxation – 
before and after bunionectomy procedure (Mayo, 1908) 
Exacerbating factors include wearing shoes with narrow toes. Narrowing the toes 
can further weaken the medial soft tissues and can more rapidly progress the deformity. 
Wearing heels shifts the weight of the patients further onto the forefoot, particularly onto 
the first metatarsal. The excess stress applied to the metatarsal usually worsens the 
deformity and causes pain. 
 
Treatment 
 In most cases, initial treatment includes conservative methods focused on 
repositioning the big toe and the protruding metatarsal head without surgical intervention. 
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These focus on the hallux valgus itself, the protruding metatarsal head, or both 
deformities. The hallux can be splinted to its natural position, which usually includes the 
need to avoid wearing shoes that may restrict the toe. Sleeves can compress the 
protruding metatarsal head and prevent further deformity in hopes that it will gradually 
correct itself. Orthotic shoe inserts are also commonly used to provide arch support, 
which can redistribute pressure in the forefoot to facilitate natural correction. However, 
conservative treatments are not always successful for everyone.  One study reviewing 
available data for effectiveness of conservative treatments found that in mild to moderate 
cases, orthoses designed to correct bunions were less effective than undergoing a distal 
Chevron bunionectomy (Ferrari, 2009).  
For a variety of reasons, patients may be unsuitable candidates for surgery or elect 
not to undergo the procedure. For those who consider surgery, there are many surgical 
procedures to correct the hallux valgus deformity. As previously stated, literature 
suggests that the Chevron osteotomy is a preferred method to correct hallux valgus for 
mild to moderate deformity (Austin & Leventen, 1981, Easley, Reach Jr., & Trinka, 
2009, Mitchell, 1958, Scharer & DeVries, 2016). Moderate to severe deformities are not 
traditionally corrected by a Chevron osteotomy. Many types of arthrodesis (joint fusion), 
arthroplasty (joint replacement), and proximal osteotomy procedures are viable 
treatments (Cetti & Christensen, 1983). However, these procedures are often associated 
with more complications. They are more invasive, include longer recovery periods, and a 
carry a higher risk of infection. Trends in medicine support simpler, less invasive 
procedures and raise interest in distal osteotomies for higher severity hallux valgus 
correction (Cetti & Christensen, 1983). However, achieving enough correction and 
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avoiding avascular necrosis of the metatarsal head is a major worry of this procedure with 
increasing deformity (Lehman, 2003). 
 The Chevron bunionectomy procedure occurs in five major steps as described in 
Campbell’s Operative Orthopaedics (Richardson & Murphy, 2017): (1) medial eminence 
removal, (2) V-shaped osteotomy of the first metatarsal head, (3) lateral displacement and 
fixation of the fragment, (4) removal of residual medial eminence created by the lateral 
shift, and (5) medial capsulorrhaphy. A medial longitudinal incision is made in the skin 
over the distal metatarsal head and followed by a capsular incision above the medial 
eminence, extending down the metatarsal shaft. The incisions allow for exposure of the 
medial eminence, which can then be removed with a power saw. With the eminence 
removed, a clear view is available to perform the osteotomy of the metatarsal head. A V-
shaped cut of about 60-70 degrees is made through the metatarsal head and frees the 
distal end to be shifted freely. Manual shift of the metatarsal about 4-5 mm is made. 
However, caution is made to prevent excess shift of more than 40-50% of the width of 
the metatarsal head in order to minimize risk of bone instability and avascular necrosis. 
Fixation is then achieved using absorbable pins or K-wires to facilitate bone growth at the 
osteotomy site. Radiographic confirmation is achieved prior to closure. The medial 
eminence created by the osteotomy is then excised with the power saw. The capsule is 
tightly closed by excising a portion of the dorsal flap and establishes medial soft tissue 
support for the osteotomy in addition to repositioning the sesamoids (Richardson & 
Murphy, 2017). 
 Postoperative management includes regular appointments with the surgeon to 
assess healing of the osteotomy. Physical examination and radiographical findings often 
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are sufficient to assess the patient’s pain, swelling, range of motion, risk of recurrence, 
and proper healing of the metatarsal head. 
 The Chevron bunionectomy is commonly performed with an Akin wedge 
osteotomy, especially in cases which require further correction due to the proximal 
phalanx remaining valgus following the V-shaped osteotomy. The Akin osteotomy 
involves cutting a wedge into the proximal phalanx to allow further correction from its 
valgus position (Richardson & Murphy, 2017). A study in 2007 showed that for moderate 
to severe deformity, a distal chevron osteotomy is indicated, in most cases with an Akin 
osteotomy of the proximal phalanx (Sanhudo, 2007). 
 In many cases, a lateral soft tissue release is performed to balance forces on the 
proximal phalanx that could cause recurrence by the “bowstring effect.” For minor cases, 
in lieu of an osteotomy, a lateral release of the adductor tendon alone is sufficient to 
correct the deformity. However, it is not in common practice unless the deformity is mild 
(Blitz & DiDomenico, 2009). The procedure is traditionally performed to enhance 
correction in conjunction with an osteotomy. 
There are two methods to performing this release in conjunction with hallux 
valgus correction. The open lateral release is achieved through a second incision in the 
first web space to expose and release the adductor hallucis tendon from the proximal 
phalanx (Richardson & Murphy, 2017, Austin & Leventen, 1981). Often, a second 
procedure involving the second digit is being performed. In this case, an open lateral 
release seems logical to allow the surgeon to visually confirm the soft tissues are being 
excised through the existing incision. The transarticular approach involves excision of the 
same adductor tendon, yet the cut is made through the joint by way of the medial incision 
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used for the Chevron osteotomy. This method eliminates the need of a second incision 
but can be difficult to perform due to limited visibility through the MTP joint. A study in 
2013 that compared the two methods found that correction was not significantly different 
(Ahn, et al., 2013). The study found that MTP joint stiffness was more common in open 
lateral releases, and occurrence of hallux varus was more common with the transarticular 
release. 
 With the advances in implant design, bioabsorbable screws made to gradually 
absorb into bone tissue with bone regeneration are widely utilized for this procedure. The 
difference between bioabsorbable pins and traditional K-wires or cortical screws is hardly 
distinguishable in terms of radiographic correction; however, bioabsorbable pins have 
been shown to have fewer complications that require removal (Winemaker & Amendola, 
1996).  
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CHAPTER III: 
METHODS 
 
Purpose: 
           The primary aim of this study is to identify any factors in the current treatment of 
the Chevron bunionectomy in patients of moderate to severe hallux valgus that differ 
significantly in end results and satisfaction of the patient. Should any factors be found, 
then steps may be taken to improve future patient outcomes of this procedure. 
 
Population: 
           This observational study includes patients of Campbell Clinic Orthopedics who 
had a Chevron Bunionectomy performed and were willing to participate in the study. 
Prior measurement of preoperative foot x-rays, specifically pre-op IMA, from clinic visits 
determined qualification for the study. Research participants were taken from a 10-year 
and 2-month timeframe (March 4th, 2008 to May 22nd, 2018) and were determined to 
have a pre-op IMA measurement of 15° or higher. Of the 325 patients who qualified, 99 
were willing to participate. These patients were contacted by phone and were notified of 
the risks and benefits prior to the survey. 
 Preoperative IMA was obtained by examining AP x-rays. To measure IMA, x-
rays from clinic visits prior to surgery were analyzed to determine the severity of primus 
varus. Using a tool within the database angles were measured from along the first 
metatarsal shaft to the second metatarsal shaft. Patients with 15 degrees or higher 
qualified for the study. In some cases, bilateral surgeries were performed; therefore, both 
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feet were measured for these patients. Because the distal Chevron osteotomy does not 
involve actual shift of the metatarsal shaft, angles were drawn from proximal metatarsal 
head to distal metatarsal head for both IMA and HVA, showing the functional correction 
of the metatarsal after surgery. 
 
Survey: 
The 12-question survey (Figure 3, page 13) was voluntary and included questions 
about their current health status and their current pain levels. The first two questions 
address the patients’ satisfaction with the surgery and current foot pain level. The 
remaining questions asked in the survey directly apply to the patient’s overall well-being, 
such as one’s ability to perform daily tasks, one’s overall, mental, and physical health 
status, and one’s quality of life. At the end of the survey, patients were given the 
opportunity to leave any comments or clarification for any responses. Patients were also 
asked for permission to access information from their medical record, including notes 
from their clinic visits and surgery. Lastly, a current picture of their foot was requested to 
be sent over secure email in order to assess recurrent deformity. For analysis, numbers 
were assigned to survey responses between 1 and 5, with 1 being the most negative 
responses and 5 being the most positive response. 
 
Data Collection: 
 The following medical information was obtained after gaining permission: 
preoperative and postoperative x-ray measurements, medical history labeled as risk 
factors for surgery and recovery (such as age, height and weight, cardiovascular or 
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respiratory conditions, diabetes, arthritis, smoking, previous foot problems, and family 
history of foot problems), surgical procedure details (such as fixation, lateral release, and 
additional procedures), and follow up results. 
 
Limitations: 
 As with any voluntary study, sampling error decreases as participation increases, 
which improves the trustworthiness of the data. Representativeness is crucial to the 
weight of the results, so maximum participation of patients was desired. To minimize this 
error, patients were contacted up to three times in order to allow for the study to receive a 
higher volume of responses. In addition, phone surveys with an unknown person on the 
other line can inhibit patients from answering questions honestly. 
 Due to the recency effect, several patients noted current foot or other orthopedic 
problems that affected their answers to the questions regarding their ability to complete 
daily tasks, foot pain level, and overall pain level. Where possible, these complicating 
factors were noted. Several points of data initially intended to be collected were not 
available in sufficient quantities to collect meaningful data. Postoperative prescription 
medications, laboratory testing results, tourniquet time, cases involving successive or 
bilateral procedures, lateral shift distance of the metatarsal head, and width of medial 
eminence excised are among the data points limited in quantity.  
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Figure 3: Chevron Bunionectomy for Moderate to Severe Hallux Valgus Deformity - Participant Survey 
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CHAPTER IV: 
RESULTS 
 
99 patients out of 325 contacted (age 54.5 ± 14.0, range 16-84, 91% female) 
completed surveys on average 62.5 months postoperatively. Seven patients (21, 44, 52, 
60, 63, 69, and 81) that underwent bilateral Chevron bunionectomies met criteria for the 
study, but only three (21, 44, and 63) included both feet. Seven additional patients met 
criteria for the study with two unilateral surgeries (10, 16, 42, 54, 79, 89, and 91). All 
results previously mentioned were collected for each patient. Risk factors in patients’ 
medical history, operative procedures (including second-digit procedures, lateral release, 
and fixation), and survey responses were all collected to serve as measure for comparison 
to satisfaction, current pain, and radiographic measurements. Procedural data such as 
fixation method, release type, and additional procedures are presented in table 1 and can 
be compared to table 2, which includes patients’ IMA and HVA preoperatively and 
postoperatively. Patient outcome was measured by patient satisfaction of surgery and 
current foot pain (questions 1 and 2 on the survey, respectively), in addition to IMA and 
HVA. Factors evaluated with these measures include medical history (Tables 8-17, 
Figure 4), procedures to second digit (Tables 18-19), lateral soft tissue release (Tables 
20-24), and fixation (Tables 20, 25-28). All statistics were done with an alpha-level of .05 
and were performed by an independent-samples t-test unless specified otherwise. 
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Table 1: Patient Procedural Data 
 
Case Patient Age Sex Operative Side 
Lateral 
Release 
2nd Digit 
Procedure Fixation 
1 1 55 F right OLR HTC + WO Bioabsorbable pin 
2 2 60 F left OLR 
 
Bioabsorbable pin 
3 3 35 F left OLR 
 
Bioabsorbable pin 
4 4 61 M left OLR 
 
Kirschner wire 
5 5 57 F left OLR 
 
Kirschner wire 
6 6 62 F left TAR HTC + WO Bioabsorbable pin 
7 7 39 F right OLR 
 
Bioabsorbable pin 
8 8 69 M right TAR 
 
Bioabsorbable pin 
9 9 46 F right none 
 
Bioabsorbable pin 
10 10 75 M left OLR 
 
Kirschner wire 
11 10 74 M right OLR 
 
Bioabsorbable pin 
12 11 55 F left OLR 
 
Bioabsorbable pin 
13 12 41 F right TAR 
 
Bioabsorbable pin 
14 13 69 F left none HTC + 
MTPA 
cortical screw 
15 14 65 F left OLR 
 
Kirschner wire 
16 15 58 F left OLR 
 
cortical screw 
17 16 62 F left OLR 
 
Bioabsorbable pin 
18 16 62 F right TAR HTC Bioabsorbable pin 
19 17 72 F right OLR MTPA Kirschner wire 
20 18 55 F right none 
 
Kirschner wire x2 
21 19 65 F right OLR 
 
cortical screw 
22 20 50 M right OLR HTC + WO Kirschner wire 
23 21 38 F bilateral-left none 
 
Bioabsorbable pin 
24 21 38 F bilateral-right none 
 
Bioabsorbable pin 
25 22 58 F left none 
 
Kirschner wire 
26 23 58 F right OLR WO Kirschner wire x2 
27 24 76 F right OLR HTC + WO Bioabsorbable pin 
28 25 84 M right OLR HTC + WO + 
JDR + PPR 
Kirschner wire 
29 26 54 M right OLR HTC + WO Bioabsorbable pin 
and Kirschner 
wire 
30 27 68 F right OLR 
 
Bioabsorbable pin 
31 28 59 F left OLR 
 
Bioabsorbable pin 
32 29 63 F left OLR HTC Kirschner wire 
33 30 65 F right TAR 
 
Bioabsorbable pin 
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34 31 62 F left none HTC + WO Kirschner wire 
35 32 47 F left OLR WO Bioabsorbable pin 
36 33 59 F right OLR 
 
Bioabsorbable pin 
37 34 54 F left OLR HTC Bioabsorbable pin 
38 35 68 M left none MTPA Kirschner wire 
39 36 58 F left OLR 
 
Kirschner wire 
40 37 61 F right OLR 
 
Bioabsorbable pin 
41 38 68 F left none WO + PIPA Kirschner wire 
42 39 20 F right OLR 
 
Kirschner wire 
43 40 74 F left OLR 
 
Bioabsorbable pin 
44 41 45 F right none 
 
Bioabsorbable pin 
45 42 39 F left OLR WO + PPR Bioabsorbable pin 
46 42 39 F right OLR 
 
Kirschner wire 
47 43 72 F right none HTC + WO + 
PPR 
cortical screw 
48 44 16 F bilateral-left OLR 
 
Bioabsorbable pin 
49 44 16 F bilateral-right OLR 
 
Bioabsorbable pin 
50 45 51 F right TAR 
 
Bioabsorbable pin 
51 46 77 F left OLR HTC + JDR Bioabsorbable pin 
52 47 70 F left OLR WO + JDR + 
PIPA 
Bioabsorbable pin 
53 48 62 F left OLR 
 
Bioabsorbable pin 
54 49 47 F right OLR 
 
Kirschner wire x2 
55 50 63 F right OLR 
 
Kirschner wire 
56 51 43 F right OLR 
 
Bioabsorbable pin 
57 52 53 F bilateral-right OLR WO Bioabsorbable pin 
x2 
58 53 56 F left OLR 
 
Bioabsorbable pin 
59 54 61 F left OLR HTC + WO Bioabsorbable pin 
60 54 58 F right none HTC Bioabsorbable pin 
61 55 56 F right OLR 
 
Bioabsorbable pin 
62 56 63 F left OLR 
 
cortical screws x3 
63 57 42 F right OLR WO Kirschner wire 
64 58 40 F left none 
 
Bioabsorbable pin 
65 59 69 F left OLR 
 
Kirschner wire x2 
66 60 58 F bilateral-right OLR 
 
Bioabsorbable pin 
67 61 50 F right none 
 
Bioabsorbable pin 
68 62 38 F right none 
 
Kirschner wire 
69 63 56 F bilateral-left none 
 
Bioabsorbable pin 
70 63 56 F bilateral-right none 
 
Bioabsorbable pin 
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71 64 65 F right OLR 
 
Kirschner wire 
72 65 34 F left OLR 
 
Kirschner wire 
73 66 51 F left OLR HTC + WO Bioabsorbable pin 
74 67 57 F right OLR 
 
Bioabsorbable pin 
75 68 42 M left OLR 
 
Kirschner wire 
76 69 66 F left OLR HTC Kirschner wire 
77 70 69 F bilateral-left none 
 
Bioabsorbable pin 
78 71 61 F right OLR PIPA Bioabsorbable pin 
79 72 54 F left OLR WO + PPR Kirschner wire 
80 73 22 F right none 
 
Bioabsorbable pin 
81 74 58 F right TAR HTC Bioabsorbable pin 
82 75 58 F left OLR 
 
Bioabsorbable pin 
83 76 48 F left OLR WO + JDR Bioabsorbable pin 
84 77 58 F left none WO + PPR Kirschner wire x2 
85 78 60 F right TAR HTC + WO Kirschner wire 
86 79 20 F left OLR 
 
Kirschner wire 
87 79 19 F right OLR 
 
Kirschner wire 
88 80 64 F right OLR HTC + JDR Kirschner wire 
89 81 56 F bilateral-right OLR 
 
Bioabsorbable pin 
x2 
90 82 45 F right OLR HTC + WO + 
JDR 
Bioabsorbable pin 
91 83 60 F left OLR PIPA Kirschner wire 
92 84 25 F right none 
 
Kirschner wire x2 
93 85 62 F left OLR JDR + PIPA Bioabsorbable pin 
94 86 56 F left OLR HTC cortical screw 
95 87 51 F left OLR 
 
Bioabsorbable pin 
96 88 61 F left TAR JDR + WO Bioabsorbable pin 
97 89 51 F left none 
 
Kirschner wire 
98 89 51 F right OLR 
 
Kirschner wire 
99 90 51 F right TAR JDR + WO + 
PIPA 
Bioabsorbable pin 
100 91 70 F left OLR HTC + PIPA Kirschner wire 
101 91 70 F right TAR 
 
Kirschner wire 
102 92 25 F left OLR 
 
Bioabsorbable pin 
103 93 43 M left OLR WO + JDR + 
PIPA 
Bioabsorbable pin 
104 94 55 F right OLR HTC + WO Kirschner wire 
105 95 62 F right TAR 
 
Kirschner wire 
106 96 42 F left OLR HTC + WO + 
JDR + PIPA 
Bioabsorbable pin 
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107 97 61 F right none 
 
Bioabsorbable pin 
x2 
108 98 59 F left OLR HTC + WO + 
PIPA 
Bioabsorbable pin 
109 99 67 F right OLR HTC + WO Kirschner wire 
 
OLR – open lateral release; TAR – transarticular release; HTC – hammer toe correction; WO – Weil 
osteotomy; JDR – joint dislocation repair; PIPA – proximal interphalangeal joint arthroplasty; PPR – 
plantar plate repair; MTPA – metatarsophalangeal joint arthroplasty 
 
Table 2: Patient First Metatarsal Angle Corrections 
 
Case Patient IMAinitial IMAfinal ΔIMA HVAinitial HVAfinal ΔHVA 
1 1 15.4° 7.1° 8.3° 25.7° 6.1° 19.6° 
2 2 18.5° 6.8° 11.7° 25.7° 8.4° 17.3° 
3 3 16.5° 9.9° 6.6° 22.7° 14.0° 8.7° 
4 4 15.0° 9.5° 5.5° 23.8° 13.3° 10.5° 
5 5 15.5° 11.6° 3.9° 30.0° 22.0° 8.0° 
6 6 17.2° 9.1° 8.1° 23.8° 14.6° 9.2° 
7 7 16.8° 7.3° 9.5° 31.5° 18.6° 12.9° 
8 8 19.0° 14.3° 4.7° 35.5° 17.3° 18.2° 
9 9 16.0° 10.7° 5.3° 27.2° 15.5° 11.7° 
10 10 15.6° 11.4° 4.2° 47.0° 24.3° 22.7° 
11 10 15.4° 8.3° 7.1° 44.6° 11.6° 33.0° 
12 11 18.1° 14.5° 3.6° 32.2° 22.6° 9.6° 
13 12 16.3° 7.2° 9.1° 26.0° 6.4° 19.6° 
14 13 15.0° 8.8° 6.2° 29.0° 30.6° -1.6° 
15 14 19.2° 11.6° 7.6° 37.6° 9.4° 28.2° 
16 15 16.0° 11.1° 4.9° 31.9° 16.2° 15.7° 
17 16 18.1° 7.7° 10.4° 36.0° 5.3° 30.7° 
18 16 16.1° 6.3° 9.8° 25.5° 9.5° 16.0° 
19 17 19.5° 7.4° 12.1° 36.1° 4.9° 31.2° 
20 18 16.5° 10.9° 5.6° 31.4° 8.7° 22.7° 
21 19 18.8° 8.6° 10.2° 31.3° 17.6° 13.7° 
22 20 23.1° 8.5° 14.6° 45.0° 8.1° 36.9° 
23 21 15.3° 8.3° 7.0° 35.3° 15.7° 19.6° 
24 21 16.6° 10.0° 6.6° 36.9° 14.0° 22.9° 
25 22 17.6° 11.1° 6.5° 40.5° 15.9° 24.6° 
26 23 18.2° 8.0° 10.2° 28.3° 10.6° 17.7° 
27 24 16.8° 5.5° 11.3° 34.5° 9.5° 25.0° 
28 25 19.3° 5.1° 14.2° 44.6° 6.1° 38.5° 
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Case Patient IMAinitial IMAfinal ΔIMA HVAinitial HVAfinal ΔHVA 
29 26 18.4° 7.5° 10.9° 27.5° 5.0° 22.5° 
30 27 16.3° 8.8° 7.5° 30.0° 4.8° 25.2° 
31 28 16.6° 12.4° 4.2° 13.6° 13.2° 0.4° 
32 29 15.7° 8.8° 6.9° 26.0° 11.8° 14.2° 
33 30 15.0° 6.5° 8.5° 24.1° 11.2° 12.9° 
34 31 15.7° 6.9° 8.8° 31.2° 12.9° 18.3° 
35 32 15.0° 7.8° 7.2° 34.9° 17.1° 17.8° 
36 33 16.1° 10.8° 5.3° 32.5° 15.4° 17.1° 
37 34 17.1° 9.7° 7.4° 33.8° 16.0° 17.8° 
38 35 20.7° 9.4° 11.3° 37.6° 14.0° 23.6° 
39 36 16.8° 9.1° 7.7° 47.0° 18.8° 28.2° 
40 37 15.0° 9.7° 5.3° 32.5° 9.7° 22.8° 
41 38 16.6° 11.0° 5.6° 35.1° 20.9° 14.2° 
42 39 15.3° 9.5° 5.8° 38.8° 13.6° 25.2° 
43 40 16.6° 11.7° 4.9° 44.9° 22.1° 22.8° 
44 41 15.5° 9.9° 5.6° 26.1° 8.2° 17.9° 
45 42 16.7° 9.2° 7.5° 40.6° 28.0° 12.6° 
46 42 15.7° 13.4° 2.3° 41.1° 28.6° 12.5° 
47 43 17.4° 11.8° 5.6° 22.4° 9.0° 13.4° 
48 44* 15.1° -- -- 29.0° -- -- 
49 44* 18.6° -- -- 36.7° -- -- 
50 45 16.7° 8.6° 8.1° 25.1° 11.7° 13.4° 
51 46 19.7° 16.4° 3.3° 37.5° 22.4° 15.1° 
52 47 17.6° 11.2° 6.4° 44.8° 16.0° 28.8° 
53 48 17.5° 7.6° 9.9° 31.9° 16.6° 15.3° 
54 49 18.6° 10.2° 8.4° 33.6° -1.1° 34.7° 
55 50 18.9° 8.0° 10.9° 37.8° 4.8° 33.0° 
56 51 16.4° 8.7° 7.7° 33.6° 10.6° 23.0° 
57 52 15.0° 3.4° 11.6° 30.4° 12.7° 17.7° 
58 53 20.4° 11.6° 8.8° 49.2° 20.8° 28.4° 
59 54 15.0° 9.0° 6.0° 28.0° 12.2° 15.8° 
60 54 16.0° 9.0° 7.0° 18.4° 19.9° -1.5° 
61 55 15.9° 8.9° 7.0° 29.0° 12.3° 16.7° 
62 56 18.9° 10.7° 8.2° 50.8° 11.0° 39.8° 
63 57 15.3° 10.1° 5.2° 19.7° 8.5° 11.2° 
64 58 15.2° 6.9° 8.3° 23.8° 12.6° 11.2° 
65 59 17.0° 8.2° 8.8° 37.6° 14.2° 23.4° 
66 60 17.0° 11.1° 5.9° 46.3° 19.2° 27.1° 
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Case Patient IMAinitial IMAfinal ΔIMA HVAinitial HVAfinal ΔHVA 
67 61 15.7° 9.7° 6.0° 19.3° 10.8° 8.5° 
68 62 17.4° 11.1° 6.3° 38.8° 23.6° 15.2° 
69 63 15.0° 8.9° 6.1° 19.5° 11.0° 8.5° 
70 63 17.5° 13.1° 4.4° 22.2° 13.4° 8.8° 
71 64 17.5° 5.7° 11.8° 40.4° 1.6° 38.8° 
72 65 15.2° 9.5° 5.7° 38.3° 19.7° 18.6° 
73 66 15.9° 6.3° 9.6° 33.8° 15.6° 18.2° 
74 67 15.8° 6.4° 9.4° 43.6° 9.1° 34.5° 
75 68 26.2° 9.3° 16.9° 50.4° 9.5° 40.9° 
76 69 16.0° 11.9° 4.1° 39.0° 19.2° 19.8° 
77 70 16.0° 9.9° 6.1° 32.3° 15.0° 17.3° 
78 71 15.4° 9.5° 5.9° 37.6° 19.9° 17.7° 
79 72 15.7° 7.2° 8.5° 44.9° 8.9° 36.0° 
80 73 15.0° 7.8° 7.2° 34.2° 23.9° 10.3° 
81 74 16.0° 9.4° 6.6° 23.9° 14.7° 9.2° 
82 75 18.6° 6.9° 11.7° 29.9° 1.0° 28.9° 
83 76 16.5° 3.4° 13.1° 45.6° 11.3° 34.3° 
84 77 20.1° 11.9° 8.2° 33.3° 20.4° 12.9° 
85 78 15.2° 7.5° 7.7° 27.1° 3.2° 23.9° 
86 79 20.6° 10.9° 9.7° 33.7° 13.8° 19.9° 
87 79 19.3° 14.8° 4.5° 43.2° 18.6° 24.6° 
88 80 18.3° 9.1° 9.2° 34.8° 21.0° 13.8° 
89 81 15.5° 7.8° 7.7° 42.2° 21.8° 20.4° 
90 82 16.9° 9.2° 7.7° 28.2° 3.4° 24.8° 
91 83 18.0° 11.0° 7.0° 42.9° 19.8° 23.1° 
92 84 15.8° 11.1° 4.7° 37.1° 23.9° 13.2° 
93 85 18.5° 7.1° 11.4° 38.4° 12.4° 26.0° 
94 86 19.2° 8.0° 11.2° 44.1° 15.2° 28.9° 
95 87 17.7° 9.8° 7.9° 40.5° 21.1° 19.4° 
96 88 15.6° 7.1° 8.5° 23.2° -1.0° 24.2° 
97 89 15.2° 6.5° 8.7° 30.9° 11.4° 19.5° 
98 89 18.1° 8.6° 9.5° 34.8° 13.4° 21.4° 
99 90 15.9° 9.9° 6.0° 37.5° 10.8° 26.7° 
100 91 17.7° 9.5° 8.2° 39.0° 8.7° 30.3° 
101 91 17.5° 9.5° 8.0° 37.9° 5.0° 32.9° 
102 92 17.1° 10.0° 7.1° 33.7° 6.4° 27.3° 
103 93 15.0° 8.8° 6.2° 35.4° 21.7° 13.7° 
104 94 16.4° 10.8° 5.6° 34.7° 13.7° 21.0° 
 21 
Case Patient IMAinitial IMAfinal ΔIMA HVAinitial HVAfinal ΔHVA 
105 95 16.0° 9.3° 6.7° 36.5° 11.8° 24.7° 
106 96 18.6° 8.2° 10.4° 31.8° 17.1° 14.7° 
107 97 15.0° 8.0° 7.0° 29.6° 9.9° 19.7° 
108 98 18.1° 10.7° 7.4° 38.4° 13.8° 24.6° 
109 99 16.4° 6.0° 10.4° 31.0° -9.6° 40.6° 
 
*Patient 44 did not have post-operative x-rays in clinic on file. Where applicable, this patient was excluded 
from certain calculations. 
 
Table 3: Correlation Studies between Age and Angle Correction 
Correlation of Age 
and ΔIMA 0.10 
Correlation of Age 
and ΔHVA 0.17 
 
Table 4: Average Survey Responses in Men versus Women 
Survey Question Female (98**) Male (10) Overall 
1. Satisfaction with bunion surgery 4.24 4.20 4.24 
2. Current foot pain (0-10) 1.49 1.10 1.46 
3. Overall health rating 3.76 3.00 3.69 
4. Quality of life rating 4.06 3.80 4.04 
5. Physical health rating 3.67 3.10 3.62 
6. Mental health rating 4.00 4.30 4.03 
7. Satisfaction with social activities and relationships 4.17 4.20 4.18 
8. How well you carry out social activities and roles 4.03 3.40 3.97 
9. Extent of ability to complete daily physical tasks  4.34 4.60 4.36 
10. Emotional problems in the last week 4.17 4.60 4.21 
11. Fatigue on average in the last week 4.00 4.40 4.04 
12. Current Overall Pain (0-10) 2.51 3.30 2.58 
 
**One participant opted to not answer survey questions but still permitted use of medical record. 
 
Table 5: Intermetatarsal Angle and Patient Satisfaction 
Values 
(responses) 
Extremely 
(59) 
Very  
(32) 
Moderately 
(10) 
Slightly  
(1) 
Not at All 
(7) 
Total 
(107) 
IMAinitial 17.1° 16.9° 17.3° 15.4° 15.8° 17.0° 
IMAfinal 8.9° 9.7° 9.8° 9.5° 9.2° 9.2° 
ΔIMA  8.2° 7.2° 7.5° 5.9° 6.6° 7.8° 
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Table 6: Hallux Valgus Angle and Patient Satisfaction 
Values 
(Responses) 
Extremely 
(59) 
Very 
(30) 
Moderately 
(10) 
Slightly  
(1) 
Not at All 
(7) 
Total 
(107) 
HVAinitial 34.0° 32.7° 35.3° 37.6° 35.9° 33.9° 
HVAfinal 12.2° 14.0° 13.9° 19.9° 19.4° 13.4° 
ΔHVA 21.8° 18.7° 21.3° 17.7° 16.4° 20.5° 
 
Table 7: Average IMA and HVA with Current Foot Pain Level 
Pain Level (Responses) IMAinitial IMAfinal ΔIMA HVAinitial HVAfinal ΔHVA 
0 (67) 17.02° 9.19° 7.83° 33.00° 12.69° 20.31° 
1 (9) 17.76° 8.84° 8.91° 37.96° 16.01° 21.94° 
2 (6) 16.97° 9.47° 7.50° 33.08° 8.30° 24.78° 
3 (3) 16.70° 6.47° 10.23° 37.20° 17.43° 19.77° 
4 (7) 16.90° 10.24° 6.66° 34.07° 13.53° 20.54° 
5 (6) 16.40° 11.20° 5.20° 39.23° 19.23° 20.00° 
6 (1) 15.00° 8.80° 6.20° 29.00° 30.60° -1.60° 
7 (3) 17.33° 9.30° 8.03° 34.20° 13.40° 20.80° 
8 (3) 16.43° 8.17° 8.27° 29.87° 13.17° 16.70° 
9 (0) -- -- -- -- -- -- 
10 (2) 16.35° 7.70° 8.65° 36.00° 10.15° 25.85° 
Total 107 16.99° 9.23° 7.76° 33.91° 13.43° 20.50° 
 
Table 8: Medical History Census in Patients’ Satisfaction  
History 
(%) 
Extremely 
59(.54) 
Very 
32(.29) 
Moderately 
10(.09) 
Slightly 
1(.01) 
Not at All 
7(.06) 
Total 
109 
Cardiovascular 20(.50) 9(23) 6 (.15) 1 (.03) 4 (.10) 40 
Pulmonary 12(.48) 6(.24) 6(.24) 0 1(.04) 25 
Diabetes 3(.75) 1(.25) 0 0 0 4 
Arthritis 13(.46) 8(.29) 7(.25) 0 0 28 
Smoking 18(.56) 4(.33) 3(.11) 0 2(.03) 27 
Bunions 29(.56) 17(.33) 5(.10) 0 1(.02) 52 
Family foot 
history 31(.48) 23(.36) 7(.11) 1(.02) 2(.07) 64 
BMI 27 ±5.3 30 ± 6.8 34 ± 13.6 29.4 27 ± 5.0 29 ± 6.9 
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Table 9: Medical History Census in Patients’ Current Foot Pain  
Foot Pain Level 
Responses (%) 
0 
69(.63)  
1 
9(.08) 
2 
6(.06) 
3 
3(.03) 
4 
7(.06) 
5 
6(.06) 
Cardiovascular 25(.63) 3(.08) 1(.03) 0 3(.08) 3(.08) 
Pulmonary 13(.52) 1(.04) 3(.12) 0 4(.16) 2(.08) 
Diabetes 4(1.0) 0 0 0 0 0 
Arthritis 18(.64) 1(.04) 1(.04) 1(.04) 2(.07) 1(.04) 
Smoking 17(.63) 2(.07) 2(.07) 0 3(.11) 0 
Bunions 33(.63) 5(.10) 3(.06) 0 4(.08) 3(.06) 
Family foot history 42(.66) 6(.09) 1(.02) 1(.02) 5(.08) 5(.08) 
BMI 28 ± 5.5 29 ± 5.4 30 ± 6.2 29 ± 3.4 38 ± 11.8 27 ± 6.6 
 
Foot Pain Level 
Responses(%) 
6 
1(.01) 
7 
3(.03) 
8 
3(.03)  
9 
0 
10 
2(.02) 
Total 
109  
Cardiovascular 0 0 3(.08) 0 2(.05) 40 
Respiratory 0 2(.08) 0 0 0 25 
Diabetes 0 0 0 0 0 4 
Arthritis 0 2(.07) 2(.07) 0 0 28 
Smoking 1(.04) 1(.04) 0 0 1(.04) 27 
Bunions 0 2(.04) 2(.04) 0 0 52 
Family foot history 0 1(.02) 3(.05) 0 0 64 
BMI 28.0 39 ± 13.0 28 ± 8.5 -- 31 ± 10.0 29 ± 6.9 
 
Table 10: Medical History Factors versus Average Survey Response (Questions 3-12) 
 Significant History Insignificant history 
Cardiovascular 3.71 ± 0.71 4.09 ± 0.71 
Respiratory 3.99 ± 0.71 3.94 ± 0.71 
Diabetes 4.04 ± 0.69 3.95 ± 0.71 
Arthritis 3.40 ± 0.71 3.96 ± 0.71 
Smoking 3.96 ± 0.61 3.95 ± 0.75 
Bunions 4.09 ± 0.71 3.83 ± 0.71 
Family foot history 3.85 ± 0.71 4.09 + 0.71 
Overall average 3.95 ± 0.71 
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Figure 4: Average Survey Response versus Body Mass Index 
 
Table 11: Cardiovascular Medical History versus IMA and HVA Reduction 
Angles Significant cardiovascular history No significant cardiovascular history p  
(40) (69) 
 
IMAinitial 17.05° 16.95° 
 
IMAfinal 9.28° 9.19° 
 
ΔIMA 7.76° 7.76° 0.9997     
HVAinitial 35.27° 33.12° 
 
HVAfinal 13.05° 13.67° 
 
ΔHVA 22.22° 19.46° 0.11 
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Table 12: Respiratory Medical History versus IMA and HVA Reduction 
Angles Significant respiratory history No significant respiratory history p  
(25) (84) 
 
IMAinitial 16.56° 17.11° 
 
IMAfinal 9.45° 9.16° 
 
ΔIMA 7.12° 7.96° 0.084     
HVAinitial 32.79° 34.24° 
 
HVAfinal 13.57° 13.39° 
 
ΔHVA 19.22° 20.88° 0.40 
 
Table 13: Diabetic Medical History versus IMA and HVA Reduction 
Angles Significant diabetes history No significant diabetes history p  
(4) (105) 
 
IMAinitial 16.20° 17.02° 
 
IMAfinal 7.55° 9.29° 
 
ΔIMA 8.65° 7.73° 0.53     
HVAinitial 32.60° 33.96° 
 
HVAfinal 10.95° 13.53° 
 
ΔHVA 21.65° 20.45° 0.57 
 
Table 14: History of Arthritis versus IMA and HVA Reduction 
Angles Significant history of arthritis No significant history of arthritis p  
(28) (81) 
 
IMAinitial 17.45° 16.82° 
 
IMAfinal 9.97° 8.96° 
 
ΔIMA 7.49° 7.86° 0.48     
HVAinitial 34.00° 33.88° 
 
HVAfinal 14.11° 13.19° 
 
ΔHVA 19.89° 20.71° 0.68 
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Table 15: History of Smoking versus IMA and HVA Reduction 
Angles Significant smoking history No significant smoking history p  
(27) (82) 
 
IMAinitial 16.90° 17.01° 
 
IMAfinal 9.03° 9.29° 
 
ΔIMA 7.87° 7.73° 0.82     
HVAinitial 33.00° 34.21° 
 
HVAfinal 14.07° 13.22° 
 
ΔHVA 18.94° 21.02° 0.30 
 
Table 16: Bunion History versus IMA and HVA Reduction 
Angles No bunion history No bunion history p  
(46) (63) 
 
IMAinitial 17.00° 16.97° 
 
IMAfinal 9.18° 9.26° 
 
ΔIMA 7.82° 7.72° 0.85     
HVAinitial 34.63° 33.39° 
 
HVAfinal 12.99° 13.77° 
 
ΔHVA 21.63° 19.64° 0.25 
 
Table 17: Family History of Foot Problems versus IMA and HVA Reduction 
Angles Family history of foot problems No family history of foot problems p  
(64) (45) 
 
IMAinitial 16.70° 17.39° 
 
IMAfinal 9.23° 9.22° 
 
ΔIMA 7.47° 8.17° 0.18     
HVAinitial 33.62° 34.33° 
 
HVAfinal 14.51° 11.95° 
 
ΔHVA 19.13° 22.37° 0.069 
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Table 18: Additional Second Digit Procedures versus Patient Satisfaction 
Procedure 
(%) Extremely Very Moderately Slightly Not at All Total 
No additional procedure 32(.50) 23(.36) 6(.09) 0 3(.05) 64 
Weil Osteotomy 17(.59) 7(.24) 3(.10) 0 2(.07) 29 
Hammer toe correction 19(.69) 5(.18) 0 0 3(.11) 27 
Joint dislocation reduction 6(.55) 2(.18) 2(.18) 0 1(.09) 11 
Proximal IP joint arthroplasty 4(.40) 2(.20) 2(.20) 1(.10) 1(.10) 10 
Plantar plate repair 3(.60) 1(.20) 1(.20) 0 0 5 
MTP joint arthroplasty 2(.67) 0 0 0 1(.33) 3 
 
Table 19: Additional Second Digit Procedures versus Current Foot Pain 
Pain (%) None WO HTC JDR PIPA PPR MTPA 
0 39(.61) 20(.69) 18(.67) 6(.55) 6(.60) 5(1.0) 1(.33) 
1 6(.09) 1(.03) 2(.07) 0 0 0 1(.33) 
2 4(.06) 2(.07) 2(.07) 0 0 0 0 
3 1(.12) 2(.07) 1(.04) 2(.18) 1(.10) 0 0 
4 5(.08) 1(.03) 0 1(.09) 2(.20) 0 0 
5 5(.08) 1(.03) 0 1(.09) 0 0 0 
6 0 0 1(.04) 0 0 0 1(.33) 
7 2(.03) 0 1(.04) 0 0 0 0 
8 2(.03) 0 1(.04) 0 0 0 0 
9 0 0 0 0 0 0 0 
10 0 2(.07) 1(.04) 1(.09) 1(.10) 0 0 
Average 1.44 1.38 1.48 2.27 2.10 0 2.33 
 
Table 20: Occurrence of Fixation Methods with Soft Tissue Release Type 
Pin Type No release Open Lateral Release Transarticular Release 
 
Bioabsorbable pin 11 38 9 58 
Kirschner wire 6 26 3 35 
Multiple Implants* 4 7 0 11 
Cortical screw 2 3 0 5 
All Implant Types 23 74 12 109 
 
* K wire x2 (6), bioabsorbable pin x2(3), cortical screw x3 (1), bioabsorbable pin x1 with K wire x1 (1) 
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Table 21: Soft Tissue Release versus Patient Satisfaction 
Release Extremely Very Moderately Slightly Not at All Total 
No release 11(.48) 8(.35) 2(.09) 
 
2(.09) 23 
Open lateral release 44(.59) 20(.27) 6(.08) 1(.01) 3(.04) 74 
Transarticular release 4(.33) 4(.33) 2(.17) 
 
2(.17) 12 
All 59 32 10 1 7 109 
 
Table 22: Soft Tissue Release versus Current Foot Pain 
Pain Level 
(%)  
No release OLR TAR Total 
0 14(.61) 48(.65) 7(.58) 69 
1 2(.09) 6(.08) 1(.08) 9 
2 3(.13) 2(.03) 1(.08) 6 
3 1(.04) 2(.03) 0 3 
4 0 7(.09) 0 7 
5 0 5(.07) 1(.08) 6 
6 1(.04) 0 0 1 
7 1(.04) 2(.03) 0 3 
8 1(.04) 1(.01) 1(.08) 3 
9 0 0 0 0 
10 0 1(.01) 1(.08) 2 
 23 74 12 109 
 
Table 23: Soft Tissue Release versus IMA and HVA 
Release  
 
IMAinitial IMAfinal ΔIMA 
OLR 72 17.26° 9.23° 8.05° 
none 23 16.38° 9.68° 6.70° 
TAR 12 16.38° 8.73° 7.65° 
 
Release  
 
HVAinitial HVAfinal ΔHVA 
OLR 72 35.78° 13.36° 22.50° 
none 23 30.09° 15.70° 14.39° 
TAR 12 28.84° 9.60° 19.24° 
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Table 24: Statistical Tests - Soft Tissue Releases versus Angle Correction 
Single factor ANOVA p 
IMAfinal 0.46 
HVAfinal 0.038 
 
Independent sample t-test p 
ΔIMA – OLR vs TAR 0.38 
ΔIMA – Release vs No release 0.005 
HVAfinal – OLR vs others  0.85 
HVAfinal  – TAR vs others 0.02 
 
Table 25: Fixation Type versus Patient Satisfaction 
Fixation 
(%) 
Extremely Very Moderately Slightly Not at All Total 
bioabsorbable pin 30(.52) 18(.31) 4(.07) 1(.02) 5(.09) 58 
Kirschner wire 19(.54) 11(.31) 4(.11) 0 1(.03) 35 
multiple implants 6(.55) 3(.27) 2(.18) 0 0 11 
cortical screw 4(.80) 0 0 0 1(.20) 5 
 
59 32 10 1 7 109 
 
Table 26: Fixation Type versus Current Foot Pain 
Pain Level bioabsorbable pin Kirschner wire multiple implants cortical screw Total 
0 40(.69) 19(.54) 7(.64) 3(.60) 69(.63) 
1 3(.05) 3(.09) 2(.18) 1(.20) 9(.08) 
2 2(.03) 3(.09) 1(.09) 0 6(.06) 
3 3(.05) 0 0 0 3(.03) 
4 4(.07) 2(.06) 1(.09) 0 7(.06) 
5 3(.05) 3(.09) 0 0 6(.06) 
6 0 0 0 1(.20) 1(.01) 
7 0 3(.09) 0 0 3(.03) 
8 1(.02) 2(.06) 0 0 3(.03) 
10 2(.03) 0 0 0 2(.02) 
Total 58 35 11 5 109 
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Table 27: Fixation Type versus IMA and HVA 
Fixation  IMAinitial IMAfinal ΔIMA 
Bioabsorbable pin 58 16.62° 9.12° 7.49° 
Kirschner wire 35 17.49° 9.45° 8.05° 
Multiple Implants 11 17.18° 8.88° 8.30° 
Cortical screw 5 17.28° 9.66° 7.62° 
  p 0.46 0.68 
     
Fixation  HVAinitial HVAfinal ΔHVA 
Bioabsorbable pin 58 32.04° 13.58° 18.43° 
Kirschner wire 35 37.06° 12.89° 24.17° 
Multiple Implants 11 34.71° 12.46° 22.25° 
Cortical screw 5 31.74° 17.72° 14.02° 
 Single Factor ANOVA p 0.48 0.006 
 
Table 28: t-tests Between Different Fixation Types for HVA Reduction 
ΔHVA t-test vs others p 
Bioabsorbable pin 0.012 
Kirschner wire 0.004 
Multiple Implants 0.48 
Cortical screw 0.24 
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CHAPTER V: 
DISCUSSION 
 
 Significant relationships were found between several factors in the data shown. 
When comparing lateral release types, satisfaction for patients of transarticular releases 
was noticeably below the satisfaction of patients with either an open lateral release or no 
release. IMA reduction was also found to significantly vary between lateral tissue release 
and no release, but it did not show a significant difference between the two. As for 
fixation, HVAfinal was found to vary significantly from the mean HVAfinal for both a 
single Kirschner wire and for a single bioabsorbable pin. 
 Health data in this study was compared to outcomes in this study to rule out 
potential compounding variables. No relationships to the surgery results were found. 
When comparing survey data and medical history, a neutral-to-small positive correlation 
was found to exist between both ΔΙΜΑ and ΔHVA with age (r = .10 and .17, 
respectively). This finding would seem logical, for the worsening hallux valgus over time 
implies that more correction would be possible for many older patients with progressed 
deformity. With 91% of patients being female, leaving only 9 male participants (10 
cases), there is not sufficient support for gender differences in patient outcome. Patient 
satisfaction between male and female was nearly identical. Current foot pain was 
comparable as well, with an average difference of about 0.4 on the 0-10 pain scale. 
 Comparing patient satisfaction and pain levels to x-ray measurements showed 
minor observations. As expected, IMAfinal was roughly the same for all levels of 
satisfaction. However, ΔIMA and ΔHVA were found to increase with increasing 
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satisfaction with the surgery. This trend supports the notion that positive outcomes for the 
Chevron procedure includes correction of these angles. In regard to current foot pain, 
however, no consistent relationship is obvious. 
 Medical history data compared to these factors include cardiovascular (40 
patients) and respiratory conditions (25), diabetes (4), arthritis (28), smoking (27), bunion 
history (33), past family history of foot problems (42), and BMI. Patients’ Body Mass 
Index was found to be unremarkable, for responses for satisfaction and current foot pain 
showed no relationship. Therefore, it can be concluded that the patient’s weight does not 
significantly impact the results of the procedure. However, the patient’s responses to the 
remaining survey questions showed a medium correlation with BMI (r = -.36). This 
finding supports patient answers of health-related questions having a level of honesty. 
Health history tested against satisfaction or pain levels showed no significant variation 
from the mean responses for either measure. While all 4 cases of patients with diabetes 
were very or extremely satisfied with their bunion surgery, the small sample size limits 
the weight of this result. Table 10 compares responses to survey questions regarding 
overall health to possible risk factors. The result is also unremarkable. Improvements in 
IMA and HVA also showed no significant findings between individual groups with 
quantified health history item and the group without. These results indicate that risk 
factors tested in this study do not significantly impact patient outcomes long-term. 
However, patients with a history of respiratory problems (asthma, lung disease, COPD, 
and sleep apnea) were found to have fewest rate of positive answers for satisfaction and 
foot pain, in addition to less IMA correction (p=.084). Although the IMA difference is 
not statistically significant, it may merit further investigation in future studies. 
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 Comparisons can now be made with procedural data. Fifty-five patients (41%) 
underwent at least one additional procedure to hallux valgus correction involving the 
second digit. Survey questions were carefully specified to prevent answers due to 
complaints in other portions of the foot. Since these procedures are performed on the 
second digit, HVA is not proven helpful. IMA correction also is not influenced by these 
procedures, for they pertain to regions distal of the second metatarsal head. In regard to 
patient satisfaction, over 80% of patients undergoing a hammer toe correction or Weil 
osteotomy were extremely or very satisfied, and their foot pain levels (1.48 and 1.38 out 
of 10, respectively) were comparable to pain reported by those without additional 
procedures (1.44 out of 10). The number of patients receiving an MTP arthroplasty was 
too few to come to a conclusion. 80% of those undergoing the remaining procedures, 
joint dislocation repair, proximal interphalangeal arthroplasty, and plantar plate repair, 
were extremely, very, or moderately satisfied, but the strength of this statement is limited 
by smaller sample sizes for all three procedures. Likewise, conclusions for pain levels 
were limited by sample size for these procedures.  
 For lateral soft tissue release, some significant trends were found. As previously 
stated, patients reported higher dissatisfaction after transarticular releases than after open 
lateral releases or no release. 33% of patients with TAC noted they were moderately to 
not at all satisfied, versus only 17% and 12% of those with no release and OLR, 
respectively. However, current foot pain with TAR is about equal to no release and OLR. 
Functionally, the releases are the same. However, the only complication involved in TAR 
that is noted more commonly than in OLR is residual hallux varus (Winemaker & 
Amendola, 1996). This result works in conjunction with the radiographical findings, 
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which show that the difference in HVAfinal (μ=9.60°, n=12) is significant from OLR 
(μ=13.36°, n=72) and no release (μ=15.70°, n=23). Although patients receiving TAC are 
less satisfied with their outcomes, when comparing ΔIMA, those receiving a lateral 
release of either type showed significant angle reduction over cases without a lateral 
release (p<.01). However, a comparison of ΔIMA between OLR and TAC showed no 
significant difference (p=.38). This finding supports previous literature stating that the 
release itself is where the effect is seen in IMA, not in the type of release used (Park, Lee, 
Kim, Seon, & Lee, 2013). 
 Fixation methods in this study also draw a possible conclusion. When comparing 
satisfaction and pain with methods of fixation, Table 25 shows seven cases of patients 
that were not at all satisfied with their surgery, yet only two (both with bioabsorbable 
pins) reported painful hardware or instability in the osteotomy site after surgery. Overall, 
21 of the 109 cases were documented of pin removal from the hallux osteotomy site, 10 
operatively and 11 in clinic. Of these removals, 14 (out of 35 cases, 40%) were K wires 
(including all 10 operative removals), and only 6 (out of 58 cases, 10%) were from 
bioabsorbable pins. This finding supports the use of bioabsorbable pins over K wires to 
avoid painful hardware. No conclusion is found for cortical screws or multiple implants 
due to small sample sizes. In terms of pain, patients with K wires reported slightly 
elevated foot pain (15% with pain 7-10) than for a bioabsorbable pin (5% with pain 7-
10%). Radiographically, the outcomes for IMA are unremarkable between fixation types, 
but Kirschner wire (p<.01) and bioabsorbable pins (p<.05) both showed significant 
differences from the mean for ΔHVA. HVAfinal was not statistically different between the 
implants; however, cases in which Kirschner wires were used were found to have an 
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average initial HVA of 37.06°, versus only 32.04° for cases with bioabsorbable pins. No 
literature was found suggesting that K wires are recommended for more severe cases. 
This finding is rather surprising given that patients were about equally satisfied with the 
procedure. 83% of patients with bioabsorbable pins were extremely or very satisfied with 
their surgery, versus 85% of patients with Kirschner wires. Due to equal satisfaction and 
nearly equal postoperative radiographical outcomes for both fixation methods, this 
difference in ΔHVA seems to be inconsequential. While it may imply that K wire fixation 
is preferred for more severe cases of hallux valgus, there is little evidence from patient 
survey responses to support this notion. Survey responses for K wire fixation and 
bioabsorbable pin fixation cases with an initial HVA above 370 were 4.23 and 3.86, 
respectively, for satisfaction (with 5 being extremely satisfied and 1 being not at all 
satisfied) and 1.95 and 1.79, respectively, for current foot pain from 0-10. Therefore, 
bioabsorbable pins do not carry an advantage over K wires for satisfaction, pain, or angle 
correction, yet further research into the difference in removal frequency is recommended 
in the case of moderate to severe hallux valgus. 
 A few complications occurred as well. Of the 109 surgical feet and an average  
follow up of 4.6 ± 1.92 years, 5 cases of recurrent hallux valgus were reported (4 OLR 
and 1 TAC), 2 cases of hallux varus, 2 cases of untreated failed fixations (one with a 
single bioabsorbable pin and one with a bioabsorbable pin and an added K wire), and 4 
cases with MTP joint stiffness (2 admit to nonadherence). One case of possible cellulitis 
was noted, but no instances of DVT or avascular necrosis. The incidence of 
complications falls in line with previous literature of hallux valgus correction.  
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CHAPTER VI: 
CONCLUSION 
 
This study was performed to evaluate the effectiveness of the Chevron 
bunionectomy for moderate to severe deformity. 91 out of 109 cases, or 83% percent of 
patients, receiving this procedure reported being extremely or very satisfied with their 
surgery. Only 9 patients complained of current foot pain greater than or equal to 5/10. 
Though this study is not done in direct comparison to other procedures for moderate to 
severe hallux valgus, it found the Chevron bunionectomy to be sufficient to reduce IMA 
and HVA to values within normal considered limits, with few major complications. 
Additional analysis of procedural data with patient outcomes showed no direct 
connection between positive outcomes and certain second digit procedures. However, the 
presence of a lateral release was found to be significantly increase IMA correction. There 
is no significant result as to which method of release is preferred. However, patients with 
a TAC procedure stated they were moderately, slightly, or not at all satisfied with their 
surgery at nearly twice the rate (33%) than that of patients without a lateral soft tissue 
release (17%) or OLR (12%). A further study investigating the factors for this finding 
could be beneficial. 
Procedures with higher initial HVAs were found to more commonly use K wires, 
yet patient satisfaction and pain levels of patients suggest that this change is merely a 
situational decision made by the surgeon, for very little radiographical distinction is 
found between the two fixation types postoperatively. However, K wires needed to be 
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removed postoperatively at about four times the rate of bioabsorbable pins. An additional 
study to clarify this finding would also prove beneficial.  
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